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Lyme borreliosis, granulocytic anaplasmosis and monocytic ehrlichiosis 
are well studied in humans and dogs. In horses, these diseases are not widely in-
vestigated and limited information is available about their occurrence. The pur-
pose of this study was to present the first ELISA-based report on the seropreva-
lence of Anaplasma phagocytophilum, Ehrlichia spp. and Borrelia burgdorferi in 
horses from Northern Bulgaria. A total of 192 horses were investigated from three 
regions in Northern Bulgaria (Northwestern, North-Central and Northeastern Bul-
garia). All equine sera were tested for A. phagocytophilum, Ehrlichia spp. and B. 
burgdorferi antibodies by a commercial rapid ELISA test. Antibodies against A. 
phagocytophilum were found in all the three regions at a mean frequency of 12% 
(23/192), ranging from 9.38 tо 15.63% by region. Antibodies against Ehrlichia 
spp. were found in horses from one region (Northeastern) at a rate of 0.5% (1/192). 
Anti-B. burgdorferi antibodies were detected in all the three regions with a mean 
frequency of 15.1% (29/192), ranging from 14.06 tо 17.19% by region. A co-
exposure to A. phagocytophilum and B. burgdorferi was observed in 6.3% of the 
cases (12/192). This is the first report on the natural exposure of horses to these 
bacteria (A. phagocytophilum, Ehrlichia spp. and B. burgdorferi) in Northern 
Bulgaria.  
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Granulocytic anaplasmosis (GA) is a tick-borne infection of neutrophils 
caused by Anaplasma phagocytophilum, formerly known as Ehrlichia equi, E. 
phagocytophila and the agent responsible for human granulocytic ehrlichiosis 
(HGE agent) (Dumler et al., 2001). Human GA was first identified in 1990 
(Chen et al., 1994), although the agent had been defined as a pathogen of veteri-
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nary importance already 1932 (Woldehiwet, 2010). In horses, E. equi infection 
was first described as a febrile disease with inclusion bodies detectable in the cy-
toplasm of granulocytes, and resembling the clinical disease of ruminants in Cal-
ifornia (Gribble, 1969). 
Ehrlichia spp. generally have a tropism for either macrophages or granu-
locytes, where they grow within cytoplasmic membrane-bound vacuoles and 
have ticks as vectors (Dumler and Walker, 2015). 
Lyme borreliosis (LB) caused by the spirochaete Borrelia burgdorferi 
(sensu lato), occurs in temperate regions of the northern hemisphere in North 
America, Europe, and Asia (Steere et al., 2016). Antibodies against B. burgdor-
feri in horses were first detected in New England, USA (Marcus et al., 1985). In 
1998, B. burgdorferi was found by PCR in urine samples of healthy horses in a 
Lyme disease-endemic region of Connecticut, USA (Manion et al., 1998). Anti-
bodies against B. burgdorferi were found in 45.1% of the horses tested in the 
Northeastern United States in 2000 (Magnarelli et al., 2000). 
Recently, seroprevalence data for the above-mentioned pathogens have 
been reported in Southern Bulgaria (Tsachev et al., 2018). The aim of this study 
was to conduct a similar survey in horses from Northern Bulgaria. 
Draft male and female horses (n = 192) were enrolled from three northern 
regions of Bulgaria – Northwestern (Montana and Vratsa districts), North-
Central (Pleven and Veliko Tarnovo districts) and Northeastern (Targovishte and 
Varna districts). The animals showed no clinical signs at the time of sampling 
(autumn of 2017), and their age varied from 1 to 12 years. The regions are locat-
ed in areas of plains and forests (latitude: 43° 24’ 30.6576’’ N and 43° 12’ 
50.58’’ N; longitude: 23° 13’ 32.6244’’ E and 27° 54’ 53.0388’’ E), and the cli-
mate is continental (mean annual temperature 10–12 ºC, precipitation approx. 
630 mm/m2). 
Blood samples (up to 10 mL per horse) were taken by venipuncture from 
the jugular vein. All samples were collected in blood EDTA tubes without anti-
coagulant and kept at room temperature (22 °C) until visible clot retraction, cen-
trifuged at 1500 g for 10 min, and the serum was separated and kept at –20 °C 
until processing. 
Serum samples of 192 horses were tested for A. phagocytophilum, Ehr-
lichia spp. and B. burgdorferi antibodies using a commercial ELISA rapid test 
(SNAP® 4Dx® Plus Test, IDEXX Laboratories Inc., Westbrook, ME, USA), ac-
cording to the manufacturer’s instructions. The SNAP® 4Dx® Plus is a test for 
dogs and screens for seven vector-borne pathogens (Dirofilaria immitis, A. 
phagocytophilum, A. platys, B. burgdorferi, E. canis, E. ewingii and E. chaffeen-
sis). According to Stillman et al. (2014), the sensitivity and specificity of the test 
system are 93.2% and 99.2% for A. phagocytophilum, 89.2% and 99.2% for A. 
platys, 96.7% and 98.8% for B. burgdorferi (s.l.), 97.8% and 92.3% for E. canis, 
and 98.9% and 99.3% for D. immitis. The assay uses an all-species-conjugate 
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and it is not species-specific for animal species. Thus, the test has been validated 
for horses by Chandrashekar et al. (2008) who evaluated its performance for the 
detection of antibodies to B. burgdorferi and A. phagocytophilum and found 100% 
sensitivity and 95% specificity for the detection of antibodies to B. burgdorferi, 
and 100% sensitivity and specificity for A. phagocytophilum. Furthermore, Wag-
ner et al. (2013) compared the test in regard to Borrelia against multiplex analy-
sis of antibodies to OspC, OspF, and C6 peptides in 191 equine sera and found a 
sensitivity of 93% and a specificity of 96%. Another study from Europe evaluat-
ed the performance of the test in regard to different B. burgdorferi genospecies, 
by means of whole-cell Borrelia ELISA and A. phagocytophilum IFA (Butler et 
al., 2016a; Tsachev et al., 2018). Some studies, mainly from the South American 
region, used the test for the detection of antibodies to Ehrlichia species in horses 
and compared its performance with different IFA tests, some in addition to PCR 
(Tsachev et al., 2018). 
This study was approved by the Ethics Committee in Animal Experimen-
tation and Animal Welfare at Trakia University of Stara Zagora and was con-
ducted according to the ethical principles of animal experimentation, adopted by 
the Bulgarian Ministry of Agriculture, Food and Forestry. 
Data on seroprevalence were compared among the different regions by 
Chi-square and unpaired F (Kruskal–Wallis) tests. Statistical analysis was per-
formed by Excel 2007 (Microsoft, Redmond, Washington, USA) and SPSS Sta-
tistics 19.0 (IBM Corp., Armonk, New York, USA). A P value < 0.05 was con-
sidered statistically significant. 
Antibodies against A. phagocytophilum were detected in 12% of the equine 
sera in all three Northern Bulgarian regions represented in the study (Table 1). 
The seroprevalence ranged between regions with a mean ± SD = 11.98 ± 3.25%. 
Antibodies against Ehrlichia spp. were detected in 0.5% of the horses. Antibod-
ies against B. burgdorferi were found in all three regions in 15.1% of the tested 
samples and the seroprevalence varied between regions with a mean ± SD = 
15.10 ± 1.80%. A co-exposure to A. phagocytophilum and B. burgdorferi was 
found in 6.3% of the cases. 
A recent study in horses from Southeastern Bulgaria found 20% (95% CI: 
14.0–27.2%) A. phagocytophilum-positive samples (Tsachev et al., 2018). In 
Strandja Nature Park, Nader et al. (2018) reported 6.2% (95/1541) PCR positivi-
ty for A. phagocytophilum in Ixodes spp. ticks. In the present study, the seroposi-
tivity of A. phagocytophilum in horses was found to be significantly lower in 
Northern Bulgaria compared to data from Southern Bulgaria (12% and 20%, re-
spectively; P = 0.04). This could be explained by the availability of infested vec-
tors (Ixodes spp.) and hosts, which is supposed to be lower in the northern part of 
the country than in Southern Bulgaria. Similar data are found for human GA, 
with more cases being reported from Southern Bulgaria. In 2008 six cases of 
human GA were reported in Bulgarian patients (Christova et al., 2008) and nine 
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years later other three cases were documented in citizens from Southern Bulgaria 
(Pishmisheva et al., 2017). Our results for the seroprevalence of A. phagocytoph-
ilum (12%) were lower than in a similar study conducted in The Netherlands, 
where a seropositivity of 23% was found (Butler et al., 2016b). 
Table 1 
Seroprevalence of A. phagocytophilum, Ehrlichia spp. and Borrelia burgdorferi antibodies  
in horses from Northern Bulgaria 
Positive 
samples 
Northwestern 
region,  
n (%) 
North-Central 
region,  
n (%) 
Northeastern 
region,  
n (%) 
Total 
n (%) 95% CI 
Ap 7/64 (10.94) 10/64 (15.63) 6/64 (9.38) 23/192 (12) 7.7–17.4 
Es 0/64 (0.0) 0/64 (0.0) 1/64 (1.56) 1/192 (0.5) 0.0–2.9 
Bb 9/64 (14.06) 9/64 (14.06) 11/64 (17.19) 29/192 (15.1) 10.4–21.0 
Co-infections    
Ap + Bb 0/64 (0.0) 7/64 (10.94) 5/64 (7.81) 12/192 (6.3) 3.3–10.7 
Ap – Anaplasma phagocytophilum; Es – Ehrlichia spp.; Bb – Borrelia burgdorferi; CI – confi-
dence interval 
 
In 2006 Tsachev et al. reported an E. canis seroprevalence level of 30 ± 
15.41% among dogs in Southern Bulgaria (Tsachev et al., 2006a), and found a 
37.5 ± 15.73% positivity among dogs in Northern Bulgaria (Tsachev et al., 
2006b). A study from central-southern Bulgaria performed with a similar test in 
dogs revealed an E. canis seroprevalence of 21% (95% CI: 15.1–27.9%) (Pant-
chev et al., 2015). Data reported in 2018 presented 3.9% (95% CI: 1.4–8.2%) se-
roprevalence of Ehrlichia spp. in horses from Southeastern Bulgaria (Tsachev et 
al., 2018). That was the first study which provided evidence of Ehrlichia spp. 
exposure in horses in Europe. The overall seroprevalence rate of Ehrlichia spp. 
observed in the present study in horses from Northern Bulgaria is significantly 
lower than that reported in Southern Bulgaria (0.5% and 3.9%, respectively; P = 
0.03). The reasons for these results could be the same as those mentioned above 
for the serological evidence of infection with A. phagocytophilum, likely to be 
explained by the availability of a certain tick vector. A Brazilian study found 
62.5% anti-Ehrlichia spp. antibodies in horses using ЕLISA (SNAP® 4Dx® Test) 
(Vieira et al., 2013). A study from Nicaragua reported 51% (51/92) seroreactivity 
to Ehrlichia spp. in equine sera applying the same test as in our study – SNAP® 
4Dx® Plus Test (O’Nion et al., 2015). The varying data could be influenced by 
geographic location, climate characteristics and variation in the presence of vec-
tors. The test conducted in the present study (SNAP® 4Dx® Plus) could not iden-
tify the Ehrlichia species causing the seroconversion. It remains speculative 
whether E. canis occurring in Bulgaria or a different, yet not identified Ehrlichia 
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sp. is responsible for the Ehrlichia spp. seroconversion in Bulgarian horses (Tsa-
chev et al., 2018). Consequently, further molecular diagnostic assays are needed 
for determination of the causative agent. A recent study from South America 
based on phylogenetic analysis of the 16S rDNA, sodb, and groEL genes and 
translated amino acids found that Brazilian and Nicaraguan Ehrlichia isolates 
from horses probably belong to the same novel Ehrlichia species infecting hors-
es, differing from E. ruminantium (Vieira et al., 2018). Still, the vector, the biol-
ogy and the pathogenicity of the novel Ehrlichia species infecting equines are 
not known. 
For the period 2008 to 2017, the registered cases of human Lyme borrelio-
sis were 7.1 cases per 100 thousand population in Bulgaria (NCIPD, 2018). In 
2015, Pantchev et al. reported 2.4% (95% CI: 0.7–6.0%) seropositivity of B. 
burgdorferi in dogs from central-southern Bulgaria with a similar test. In 2018, 
our previous study reported 23.2% (95% CI: 16.8–30.7%) B. burgdorferi sero-
positivity in South Bulgarian horses (Tsachev et al., 2018). The higher sero-
prevalence (antibodies to C6 peptide) in horses than in dogs can be explained by 
the different tick exposure and the availability of different registered acaricides 
for tick prophylaxis. Although the established B. burgdorferi seroprevalence in 
horses in Northern Bulgaria is lower than that reported in Southern Bulgaria 
(15.1% and 23.2%, respectively), this difference was statistically not significant 
(P = 0.05). The morbidity of human Lyme borreliosis in Northern Bulgaria is 
higher than that observed in Southern Bulgaria (Kunchev, 2018), which could be 
attributable to different Borrelia genospecies (Nader et al., 2018). Our results 
(15.1%) are similar to those reported from Germany (16.1%; Kasbohrer and 
Schonberg, 1990), Sweden (16.8%; Egenvall et al., 2001) and Romania (11.92%; 
Kiss et al., 2011), but these studies used IFA and ELISA for the detection of an-
tibodies. Our results differ notably from those obtained in The Netherlands 
(44.7%; Butler et al., 2016b) and Denmark (29%; Hansen et al., 2010) using the 
same diagnostic technology as ours. 
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